Introduction
Red deer are a highly seasonal species and stags undergo a pronounced annual reproductive cycle, alternating between infertility during late winter and spring, and peak reproductive condition during late summer and autumn (Lincoln, 1971) . Studies on another seasonally breeding ungulate, sheep, have demonstrated that annual reproductive cycles are the result of an endogenous rhythm which is entrained with the seasons by the annual cycle of photoperiod (Karsch & Wayne, 1988) . The effects of photoperiod on reproduction are mediated by melatonin, which is secreted by the pineal gland during darkness (Kennaway et ai, 1982; Bittman et ai, 1983) . The resulting hormonal code for light and dark conveys photoperiodic information which entrains seasonality. In red deer stags, the involvement of photoperiod and the pineal gland in entraining seasonality is indicated by the altered timing of annual cycles produced by artificial manipulations of the daily photoperiod (Jaczewski, 1954; Pollock, 1975; Suttie et ai, 1984) and treatment with melatonin implants (Lincoln et ai, 1984; Bubenik & Smith, 1987) . However, endogenous circannual rhythms under constant photoperiodic conditions or after physical disruption of photoreceptive processes have not been studied in red deer stags. For example, normal annual antler and reproductive cycles persisted in red deer stags after pineal denervation (superior cervical ganglionectomy), but these stags were shown to be responsive to artificial photoperiodic manipulations (Lincoln, 1985) .
Treatment of red deer stags with melatonin implants during early summer advanced seasonal reproductive development (Lincoln et ai, 1984) , an effect similar to that expected if the stags had been exposed to a reduction in photoperiod length. Melatonin (Kennaway et al, 1982 (Fig. 3) .
Coat. Stags in Groups EM and LM began to moult their summer coat and grow a winter coat earlier than did control stags (Fig. 3) (Fig. 4) . This decrease was delayed in Groups Y, J and A and subsequently the mean scrotal circumference of these groups was larger than those of stags in Groups S, O and C in September (P < 005) and October (P < 0-01). The minimum scrotal circumferences of stags in Groups Y, J and A was recorded in December, 2 months later than that of Group C stags. The delayed testicular develop¬ ment in Groups Y, J and A resulted in a smaller scrotal circumference in these 3 groups than in Groups S, O and C Liveweight. The only month when there was a significant difference in liveweight between groups was in February when Groups J, A and O were lighter than control stags (P < 005). There were differences between groups in the pattern of liveweight changes (Fig. 4) (Y, ) and control stags untreated with melatonin (C, ), in Exp. 2. The vertical bars represent the pooled s.e.m. for each month and significance levels for differences between treatments (anova) are indicated: *P < 005, **P < 00\, ***P < 0001.
Discussion
The melatonin implants maintained daytime plasma concentrations of melatonin above normal daytime levels for 78 days and above nocturnal levels for 35-43 days after implantation. After an initial start-up period of 10-15 days, therefore, melatonin concentrations would most likely have been continuously increased in all stags in both of the experiments until at least 40 days after insertion of the final melatonin implant. The plasma concentrations of melatonin are similar to those reported by Asher et ai (1988) for fallow deer.
The farmed red deer stags in these experiments underwent pronounced annual cycles in many physiological parameters which were similar to those previously reported (Lincoln, 1971 (Fennessy et ai, 1988) .
Treatment of red deer stags with melatonin implants from November or December until March resulted in primary effects which occurred during the period of treatment and secondary effects which occurred after treatment had ended. The initial effect of treatment with melatonin implants was to accelerate the sequence of changes which occurred in control stags, resulting in an advanced seasonal state, as has been found previously (Lincoln et al., 1984 Barrell, 1985; Barrell & Staples, 1987) treated with melatonin. This result further supports a role for photoperiod in entrainment of coat growth cycles in red deer (Kay & Ryder, 1978) and confirms coat type as a useful indicator of an animafs seasonal state.
The secondary effects of melatonin treatment occurred in Groups EM and LM when the February implants would have become exhausted in March. Before this period, while melatonin treatment was continuing, the testes were decreasing in size in both melatonin-treated groups. This indicated that the response to melatonin treatment had changed from the initial stimulatory effect. Similar changes in red deer stags (Lincoln et ai, 1984) and rams (Lincoln & Ebling, 1985) (Jaczewski, 1954 (Lincoln & Ebling, 1985 
